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The Cardiac Safety Research Consortium (CSRC; www.cardiac-safety.org) held a Think 

Tank on “Detection, Assessment, and Risk Mitigation of Cardiac Safety Signals in Oncology 

Drug Development” on October 24–25, 2017, at the Food and Drug Administration (FDA) 

headquarters in Silver Spring, MD.1 The CSRC, a public private partnership, was formed in 

2005 as a Critical Path Program and formalized in 2006 under a Memorandum of 

Understanding between the US FDA and Duke University.2,3

This is a promising period in oncology research, with more than 1,100 medicines and 

vaccines for cancer in development by American companies alone as of May 2018.4 

Oncology accounts for 40% of the global clinical pipeline, with some 1,600 products.5 Over 

the past 5 years, some 63 cancer drugs have been launched globally.6 Mortality rates in 

cancer patients have fallen substantially over the last 20–30 years, and the cancer survivor 

population is aging.7 However, the toxicity of cancer therapies is significant,8,9 with rates of 

cardiovascular (CV) adverse effects reported to be more than 30%, and CV causes are 

estimated to be the second most common cause of morbidity and mortality in cancer 

survivors.10,11

The CV sequelae of cancer therapies are diverse for radiation, traditional chemotherapies, 

targeted therapies, and other new cancer therapies. These include toxic effects such as 

hypertension, venous and arterial thromboembolic events, peripheral artery disease, 

pulmonary hypertension, vasospasm, proteinuria, accelerated atherosclerosis, and metabolic 
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derangements. There are also cardiac toxic effects such as decline in left ventricular ejection 

fraction (LVEF), congestive heart failure, arrhythmia, myocarditis, pericardial disease, and 

pericardial effusion.12

Therapies traditionally linked with CV adverse effects include anthracyclines, monoclonal 

antibodies targeting the human epidermal growth factor receptor (HER2) pathway, and small 

molecule tyrosine kinase inhibitors, especially the vascular endothelial growth factor 

signaling pathway inhibitors, which can cause cardiomyopathy.13 In addition, other 

signaling pathways in cancer cells targeted by novel cancer therapies may also play a role in 

CV homeostasis. As a result, several of these agents are associated with CV toxic effects 

ranging from myocardial and vascular dysfunction to arrhythmias.12 Recently, vascular and 

metabolic complications from novel therapies have emerged as critical considerations in 

cancer patients.14 Finally, cancer immunotherapies which harness the immune system in the 

fight against cancer can cause myocarditis, pericarditis, and vasculitis.15–17

Further complicating the clinical picture is the fact that current treatment regimens often 

include multiple agents with adverse cardiac effects that could be additive or synergistic and 

transient or irreversible.18 In addition, patients with cancer may also have underlying CV 

disease, which may be exacerbated by the stress of tumor growth or treatment.18

CV toxicities that are identified with new cancer therapies must be juxtaposed against the 

prognosis of cancer, the availability of existing therapies in the same class (for the same 

cancer), and the net benefit of therapy. The threshold for toxicity may be different for a first-

in-class therapy for a cancer type that has a poor prognosis and has few existing treatment 

possibilities versus a later-generation drug for a cancer with multiple existing therapies and a 

generally good prognosis.

These considerations underline the importance of the expanding discipline of cardio-

oncology, which has been the subject of a number of recent professional society statements 

and guidelines19 and is a focus of attention at bodies including the American College of 

Cardiology,20 American Society of Clinical Oncology,21 European Society for Medical 

Oncology,22 European Society of Cardiology,23 National Cancer Center Network, and 

Canadian Cardiovascular Society.24

The role of preclinical studies in cardiac safety

In response to the growing awareness of potential cardiovascular liabilities of oncologic 

drugs, preclinical cardiac safety studies are increasingly being used for the early detection 

(and avoidance) of cardiotoxicity of evolving oncologic drugs. In addition, preclinical 

models may be useful to dissect mechanisms of toxicities for existing cancer drugs.25 

Phenotypic screens are used in early drug discovery efforts to identify and avoid potential 

safety hazards, as it is often difficult to determine the (multiple) mechanisms involved in 

various cardiotoxi-cities (which can include electrical, contractile, structural effects). 

Earliest screening efforts might involve in vitro studies (for higher throughput), with later 

screening efforts involving in vivo safety pharmacology (focusing on acute functional 

assessments) and toxicology studies focusing on longer-term effects with morphological 
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readouts. In general, in vitro studies report on acute effects in cellular (myocyte) or ex vivo 

(isolated tissues or Langendorff hearts) models. In contrast, in vivo studies focus on longer-

term effects in animal models. The later studies provide the advantage of evaluating cardiac 

liabilities in the setting of the entire CV system using end points translatable to clinic (eg, 

ventricular imaging and ejection fraction measures) but with the disadvantage of limited 

screening opportunities due to time, cost, and compound requirements. In addition, 

preclinical models may be useful to dissect mechanisms of toxicities for existing cancer 

drugs.26

In vitro and in vivo studies serve different roles in different phases of drug discovery (the 

former generally useful for hazard identification, the later more aligned with risk 

assessment), and both are essential to provide a more comprehensive assessment of potential 

cardiac safety liabilities. Preclinical models can also fulfill the secondary role of assessing 

mitigation of CV effects with combinational drugs or the safety of promising synergistic 

drug regimens. Identifying the most serious and prevalent clinical cardiac toxicities is 

critical to guide the development, validation, and use of preclinical studies as translational 

tools. This is particularly difficult for effects that are not easily detected clinically or may be 

irreversible situations where preclinical studies could be most valuable. There is clearly a 

need for collaborations between nonclinical and clinical experts to set relevant end points 

and identify appropriate biomarkers to guide preclinical studies.

Studies using human induced pluripotent stem-cell derived cardiomyocytes (hiPSC-CMs) 

are being used to assess cardiotoxicity in vitro, with the presumed advan tage of using 

human-derived models as test systems. Commercially available cardiomyocytes have 

spurred growth in this area, with preparations varying in complexity (from single myocytes 

to 2D cultures, spheroids, organoids, and engineered heart tissues) and varying in functional 

and morphological characteristics27,28 As different levels of myocyte “maturity” (ie, 

resemblance to adult native myocytes in form and function) tend to increase with the level of 

complexity, it is essential to demonstrate assay sensitivity for hiPSCCM preparations under 

study. Functional end points typically evaluated include field potential waveforms 

(multielectrode array platforms) to assess electrophysio-logic effects (delayed repolarization 

and conduction, altered spontaneous beating) and various measures of contractility 

(sarcomere length changes, edge tracking, various motion detection schemes), with 

measures of soluble (cardiac troponins) and morphological biomarkers possible.

Cost-effective and scalable procedures to produce hiPSCs with N90% purity are now 

achievable using a chemically defined process,29 enabling tests with “personalized” cell 

lines. These cells have a promise in genomic prediction of chemotherapy-induced 

cardiotoxicity and have been shown to recapitulate individual patients’ predilection to 

doxorubicin-induced cardiotoxicity (DIC). hiPSC-CMs from breast cancer patients who 

suffered clinical DIC have been found to be consistently more sensitive to doxorubicin 

toxicity compared to hiPSC-CMs from patients who did not experience DIC, with a 19-fold 

difference in sensitivity between cells from the 2 categories of patients. This indicates that 

iPSC-CMs may be a suitable platform for identifying and verifying the genetic basis and 

molecular mechanisms of DIC.30
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Work is also under way to determine the genetic basis for this type of sensitivity, with a 

study of anthracycline-induced cardiotoxicity in 280 childhood cancer survivors finding that 

a particular variant (rs2229774, p.Ser427Leu) in RARG was highly associated with 

anthracycline-induced cardiotoxicity, showing a 4-fold increase in sensitivity.31 Correction 

of the rs2229774 variant was found to reverse doxorubicin hypersensitivity in the patients’ 

iPSCs, providing new insight into the pathophysiology of this severe adverse drug effect.

Oncologic drugs may affect cardiac function due largely to unintended overlapping on-target 

or off-target effects between cardiac and other tissues. The lack of selectivity of tyrosine 

kinase inhibitors, along with the distribution of multiple kinases across organs (including the 

heart), provides one example where it may be difficult to separate antitumor activity from 

cardiac toxicity. Minimizing and predicting potential tyrosine kinase–induced cardiotoxicity 

remain important challenges for drug developers and regulatory authorities and highlight the 

need for developing and implementing robust preclinical models that predict adverse clinical 

effects.

Early expectations of minimizing cardiac dysfunction with targeted therapeutics (including 

those against tumor-specific targets such as HER2) may be less successful due to less well-

appreciated (or sometimes unknown) overlapping signaling pathways in cardiac and 

cancerous tissues revealed with drugs and drug combinations. Such pathways could be 

distinguished by identifying differences in the genomes/proteomes of normal and tumor 

tissues and obtaining cancer-specific gene-protein expression. The doses required for 

efficacy could be determined using animal models of disease or by developing 3-

dimensional microfluidic organ systems, or tissue chips, which represent an integrated in 

vitro model of perfused tumor and cardiac tissues, with potential utility in screening. In the 

future, it may be possible to develop safer oncologic drugs by either identifying cancer-only 

targets or differentiating exposures required for efficacy from those that cause direct cardiac 

toxicity.

Overall, a multipronged preclinical approach—including in vitro, in vivo, and in silico 

approaches—is best suited to identify potential direct cardiotoxic effects of novel oncologic 

drugs, provide mechanistic insights, define who is at risk of toxicity, explore mechanisms, 

and inform on preventive and treatment strategies.32

Cardiac safety signals should not impede development of effective drugs

The unique features of early phase oncology studies provide a reason to validate emerging 

assays and biomarkers in patients to help characterize cardiac risk earlier and more precisely. 

The potential benefit-risk must always be evaluated; early identification of CV safety signals 

during drug development should be balanced with the potential benefit. For instance, if a 

drug being studied in phase 1 showed excellent responses in tumors but causes frequent 

serious or life-threatening CV toxicities, it should not be developed further. Precise 

characterization of cardiac safety signals may enable implementation of appropriate cardiac 

surveillance strategies or, if CV toxicity is dose related, use of lower/safer doses during 

early-phase clinical trials.
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When possible, the CV safety profile of all anticancer drugs should be characterized, 

including, when appropriate, full characterization of electrophysiology (electrocardiogram/

QT), left ventricular (LV) function (imaging/biomarker (BM)) and hemodynamic blood 

pressure (BP) effects. Depending on the population (metastatic vs curable) and the drug, 

some battery of cardiac tests may be recommended for each protocol and should depend on 

the prior knowledge about the drug/drug class. If possible, these assessments should be 

integrated into early-phase studies, without disrupting or impeding conduct, interpretation, 

or analysis of trial results. Potential CV safety of investigational anticancer drugs should be 

defined early in their development, ideally prior to exposing large populations in late phase 

clinical trials. Wherever possible, CV safety assessments should be integrated into routine 

early-phase oncology clinical trials with minimal disruption to study design, conduct, 

interpretation, and analysis.

A particular challenge is to put CV safety findings into context in early-stage oncology 

trials, which often involve small numbers of participants and may have a single-arm design, 

making it hard to determine whether the effect is due to the drug or not. Additional testing in 

later-phase oncology trials with a comparator arm can be informative. Additional challenges 

include the fact that early-phase studies, including first in human, are conducted in cancer 

patients, some of whom may be at higher than normal risk for CV disease. Moreover, 

patients may have already been exposed to therapies that are associated with CV 

complications. An additional challenge occurs due to requirement to perform dose escalation 

in early-stage trials often starting at subtherapeutic doses, making interpretation of both 

safety and efficacy in these patients problematic.

Clinically meaningful end points: Lessons from trastuzumab

It is clearly important to monitor safety signals that are clinically meaningful. For example, 

in early phase III clinical trials in patients with metastatic HER2-positive breast cancer, 

trastuzumab was associated with significant cardiac dysfunction and symptomatic heart 

failure in almost 25% of the patients.33,34 As a result, in subsequent adjuvant studies, routine 

imaging was required for patients receiving trastuzumab at baseline and every 3 months 

during 1 year of treatment. In this setting, trastuzumab became rather safe, and incidence of 

symptomatic heart failure in adjuvant trials was consistently less than 3%. The most 

common abnormality detected during routine imaging is a significant decline in LVEF; 

however, the association between an asymptomatic LVEF decline and the risk of subsequent 

clinical heart failure has not been fully elucidated in this population. Given the inherent 

variability of LVEF measurement, there is also a risk that patients may be wrongly identified 

as having cardiotoxicity, which may compromise delivery of curative therapy. Overall, the 

current available evidence is insufficient to support a specific schedule of cardiac imaging 

during trastuzumab-based treatment, and further investigation is needed to determine 

whether routine cardiac monitoring results in improved CV outcomes.35 A more promising 

approach might be to use existing tools to identify those at highest risk and only apply 

stringent cardiac monitoring strategies to these individuals. Until such data become 

available, it is reassuring to know that the rate of symptomatic HF is low based on clinical 

trial data when routine cardiac monitoring is performed. The goal should be to carry out the 

right testing and monitoring in the right patient at the right time. In clinical practice, 
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cardiovascular risk factors alone have not been able to predict which patients will develop 

trastuzumab cardiotoxicity, and the variability in cardiac adverse effects from trastuzumab 

suggests that genetics may play a role in a patient’s individual risk for cardiotoxicity.

To advance understanding of the optimal management of patients with trastuzumab toxicity, 

the recently completed SAFE-HEaRt study evaluated cardiac safety of HER2 targeted 

therapy in patients with HER2-positive breast cancer and mildly reduced LVEF (≥40% no 

symptoms of heart failure).36 This investigation tested the hypothesis that initiation or 

continuation of trastuzumab may be safe in patients with mildly reduced LVEF if they 

concomitantly receive optimal cardiac therapy including β-blockers and angiotensin-

converting enzyme inhibitors or angiotensin receptor blockers. Future areas of study may 

incorporate newer techniques using hiPSC-CMs to predict the cardiotoxic response to 

trastuzumab.

The role of circulating biomarkers

Biomarkers–which are indicators of normal biological processes, pathogenic processes, or 

responses to an exposure or intervention–include molecular, histologic, radiographic, and 

physiologic characteristics. The cardiac biomarkers troponin, brain natriuretic peptide, and 

myeloperoxidase have potential in detecting subclinical cardiotoxicity during cancer 

treatment.37 Biomarkers may not provide insight into the mechanism of drug toxicity, 

however.

Biomarkers can be used at baseline to define at-risk subgroups and help determine optimum 

cardiac treatment. Biomarkers are often part of comprehensive assessment of patients, in 

particular if the risk of cardiomyopathy and heart failure is high. The patients with 

preexisting CV comorbidities could be treated prior to initiation of cancer therapy, avoiding 

the inappropriate attribution of symptoms to drug toxicity.

Serial biomarkers have potential to define risk and track response to therapy, although the 

ultimate measure of effectiveness is the clinical outcome. Tracking cardiac biomarkers could 

identify patients at risk of oxidative stress, providing an early safety signal to facilitate early-

stage trials.

To date, cardiac biomarkers have not been deployed optimally, with confusion remaining in 

areas including appropriate cutoffs and calculation of the reference change interval. 

Abnormal biomarkers may indicate a need for close surveillance but, based on current 

knowledge, are unlikely to provide sufficient data to mandate treatment.

In the future, the goal is to reduce morbidity in cancer patients by early risk factor 

modification, serial monitoring with imaging and/or biomarkers, cardioprotective medical 

therapy, and optimal medical therapy for cardiotoxicity when it occurs.1

Imaging end points for various outcomes

Cancer therapies can affect the CV system in multiple ways, with appropriate imaging end 

points reflecting the outcome of interest (Figures 1 and 2). These can be visualized using 
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multiple CV imaging modalities, including echocardiography, positron emission 

tomography– computed tomography scanning, and cardiac magnetic resonance imaging.

Positron emission tomography or single-photon emission computed tomography radiotracers 

are tools to evaluate myocardial perfusion, cardiac function, and coronary vasculature. 

Outcome measures include perfusion defects, myocardial blood flow, coronary flow reserve, 

calcium score, and LVEF; additional measures are markers of inflammation, cell death, and 

metabolism.

Cardiac magnetic resonance imaging can characterize with high reproducibility cardiac size 

and function (LVEF, volumes, mass, strain). It is also possible to gain unique qualitative and 

quantitative insight into myocardial tissue through T1/T2 mapping, extracellular volume 

index, and delayed enhancement, enabling assessment of edema, inflammation, and fibrosis.

The core laboratory’s role in optimizing data collection and collaboration

The CV imaging core laboratory’s role is to ensure robust and consistent data collection. 

This includes involvement with protocol development; definition of CV imaging end points 

and choice of technique (echo, cardiac magnetic resonance); standardized image acquisition; 

protocol-based site instruction and training; independent, centralized, and standardized 

analysis and quality control; and data review and interpretation. The core laboratory 

provides dedicated personnel training, such as webcasts, instructional videos, and face-to-

face meetings.38,39 Core laboratory–established data quality and standards enable a rigorous 

image analysis plan to be developed, with a standard method for image transfer, a secure 

environment for data storage, and tailored case report forms.

Overall, there are sufficient data to suggest that biomarkers can be useful. However, 

consensus is needed on the types of testing—such as echo parameters and biomarkers—that 

should be used routinely so that results can be compared across institutions. The clinical 

significance of changes in biomarkers in the absence of symptoms needs to be better 

understood.

When possible, CV assessments should be integrated into early-phase studies, without 

disrupting or impeding conduct, interpretation, or analysis of trial results. Current limitations 

of CV safety assessment include multiple cardiotoxic exposures, small numbers, open-label 

nonrandomized design, selection bias, and variable end point definitions.

Regulatory considerations: Trials should include patients with cardiac risk 

factors

A unique aspect of oncology drug development is the fact that because registration trials 

involve relatively small numbers of patients, they poorly predict the post-approval 

experience—either exaggerating or underestimating CV toxicity. Inclusion of patients with 

severe preexisting CV disease may translate to significant short-term risk of CV-related 

morbidity and mortality, potentially confounding the results of cancer trials. As a result, 

most trials aim to exclude patients with severe CV disease, including acute myocardial 
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infarction, heart failure, stroke, or severe valvular heart disease (ie, severe symptomatic 

aortic stenosis or mitral regurgitation).

However, the frequency of concurrent cardiovascular disease (CVD) in adults with cancer is 

relatively high due in part to the increased incidence of both conditions with advancing age 

and to the higher incidence of cancers in patients with known risk factors for CVD such as 

obesity or premalignant hematopoietic stem cell mutations. For this reason, a strong 

argument can be made that clinical trials in cancer should include patients with CVD. 

Evaluating both disease states concurrently would increase the ability to identify cardiac 

toxicities of anticancer drugs early in clinical development and help provide guidance to 

clinicians who treat patients in “real-world” rather than a clinical trial setting.

Several important issues have mitigated against inclusion of patients with known cardiac 

disease into clinical trials of oncologic agents:

• Attribution of causality of an adverse event (AE) to an experimental agent rather 

than to comorbid conditions is based on clinical judgment. Patients with 

preexisting CV comorbidities or risk factors make it more difficult for 

investigators to decide about the causality of the CV AEs.

• Most early-stage trials of new anticancer therapeutics enroll patients with late-

stage cancer who have exhausted all approved regimens and who have relatively 

short survival expectations. Deaths on study are to be expected. However, even in 

patients with objective evidence of progressive disease, the proximate causes of 

death may be ascribed to failure of an organ system such as the CV system. This 

is more likely to occur in patients with intrinsic cardiac disease at the time of 

study enrollment. For example, a patient with preexisting LV dysfunction or 

coronary artery disease is more likely to develop congestive heart failure or 

serious arrhythmias during a serious infectious episode than is a patient with a 

more normal heart at baseline. These events are included in the safety profile of 

the new agent and may be interpreted to be associated with drug-induced CV 

toxicity.

• Many registration trials follow patients for survival; therefore, trial durations are 

often not short. However, the main issue is that majority of cancer patients 

receive a therapy for a short duration and, subsequent to their disease 

progression, they receive multiple subsequent therapies. Therefore, 

understanding and detection of late CV toxicities in patients with metastatic 

cancer are challenging.

• Likewise, because exposure to the test agent is often relatively short, serious CV 

AEs that occur during these studies may delay or even prevent regulatory 

approval because of concerns of cardiotoxicity. In single-arm trials, as there is no 

comparator group to serve as a control for the rate of AEs, it is important from 

the sponsor’s perspective to eliminate as many background events as possible 

through careful patient screening.
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• Large trials are necessary to reliably determine the actual rate (compared to 

background) for CV toxicities. For instance, in CV trials investigating major 

adverse cardiac event (MACE) in the nondiabetic population, hundreds of 

patients would be needed to demonstrate noninferiority given the baseline 

incidence of MACE events in this population.40

Therefore, to advance potentially promising new anticancer therapeutics through drug 

development and testing, early-stage trials typically have included only patients with 

minimal preexisting cardiac disease. Early-stage trials should, however, incorporate sensitive 

screening techniques for cardiac toxicity to rapidly build an adequate safety data base that 

would allow for evaluation of inclusion of patients at higher CV risk who often are more 

representative of the therapeutic population. Stratification by CV risk is generally 

impractical due to the practical limitations of clinical relatively imprecise cardiac 

biomarkers. A potential solution to assess a compounds effect on a high-risk CV population 

would be to incorporate a separate substudy of patients with higher CV risk within the 

framework of a larger phase 3 trial. This approach would provide important insight into the 

safety and efficacy of a new drug among patients that would likely be more representative of 

a real-world cancer population.

Looking ahead, it would be ideal if clinical trial eligibility criteria only excluded patients 

with the highest level of CV risk. This would lead to greater generalizability of study results, 

making it easier to recruit patients, albeit at the risk of introducing confounding. The 

alternative is continued use of narrower eligibility criteria, with the pitfall of poor 

generalizability, longer accrual time, study duration and cost, and limited insight into the 

effects of CV risk on cancer outcomes. To expand eligibility, a 1-year cutoff could be used, 

after which mortality due to the CV disease typically plateaus.41,42 Patients who have not 

had an acute event for 1 year are likely to have a reasonable level of risk for inclusion in 

clinical studies.

Need for early cardiologist involvement in trial design

There is a pressing need for early involvement of cardiology investigators to ensure 

appropriate trial design and definition of AE adjudication parameters as part of a broad 

effort to increase collaboration among clinicians, researchers, sponsors, and regulators to 

improve cardiac safety in oncology clinical trials. Cardiologists could have valuable input at 

the initial stages of clinical trial design and throughout the trial to ensure that any early 

signals of cardiotoxicity are detected and evaluated in close to real time. These could then be 

shared rapidly with clinicians and regulatory authorities, with timely modification of the 

protocol if needed. Dedicated adjudication of CV events is critical, and here too, the 

cardiology community should have a central role in developing standardized criteria and 

definitions for adjudication. Serious cardiac AEs in particular should be adjudicated as to 

whether they are likely to have been primary events that might be attributable to the drug or 

to be due to the patient’s underlying state of health.
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Overall benefits of AE collection in clinical trials include the ability to identify events that 

affect patients; notify investigators, patients, regulators and others; inform the conduct of the 

trial and risk management; and improve understanding of treatment safety.43

In global trials, many AEs are not detected, and important ADRs are often missed. 

Information is often incomplete and of limited value, and definitions, data collection, and 

analysis methods are inconsistent.44 General challenges involved in the collection of AE 

data include incomplete patient history, concomitant or prior treatments, and comorbidities. 

Monitoring AEs is complex and labor intensive, and there may be multiple AEs in a single 

patient. In addition, there is heterogeneity in adjudication. The National Cancer Institute 

Common Terminology Criteria for Adverse Events (CTCAE) are complicated, with the 

result that reproducible, systematic AE capture is difficult at best.45,46 Key factors 

contributing to AE underreporting include the lack of a standardized process, lack of training 

and education, and lack of integrated health information technologies.47

Innovative strategies are needed to obtain high-quality data, related to both exposures and 

outcomes. A National Cancer Institute–funded Eastern Cooperative Oncology Group and 

American College of Radiology Imaging Network Cardiotoxicity Working Group has been 

created to meet these needs, including development of a common case report form for 

cardio-oncology clinical trials, harmonization of AE reporting of cardiac events by Common 

Terminology Criteria for Adverse Events, building imaging banks and biobanks of data, and 

enhancing patient education (www.cardiosmart.org).

As part of an effort to increase resource sharing among academia, sponsors, and regulatory 

agencies to facilitate AE reporting, an FDA pilot program is under way for providing 

premarket, real-time safety data. A joint effort between the FDA Office of Hematology and 

Oncology Products and the Office of Surveillance and Epidemiology, the project has been 

piloted since 2016 by 4 pharmaceutical companies (Merck, AstraZeneca, Novartis, and 

Genentech). This uses a different format of the FDA Adverse Event Reporting System from 

the post-marketing database. The same set of reviewer tools can to be used for pre- and post-

marketing surveillance work, and the system could potentially be set up to permit access by 

FDA and the investigators of a particular development program.

Future patient-focused considerations for AE reporting include the need for standardized 

reporting systems, ongoing institution-based surveillance, automated surveillance, medical 

record abstraction to determine AE reports, utilization of external data sources, active 

surveillance rather than voluntary reporting, training and education, integration of 

cardiology and cardio-oncology, and the inclusion of patient self-reporting.45,48,49 Registries 

could potentially be leveraged to collect AE data, with artificial intelligence used over the 

longer term to sort events.

Future directions in cardio-oncology

Looking ahead, increasing cancer-related survival will drive a need for therapies with an 

improved long-term cardiac safety profile or for improved strategies for early detection, 

management, and/or prevention of CV-related AEs. When such events are identified, it will 
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be important to comprehensively phenotype the AE and investigate the underlying 

mechanism. Patient-specific iPSC-CMs may yield valuable insights into mechanism of 

cardiotoxicity and inform strategies for prevention and/or treatment.

Opportunities for improvement include the need for a better understanding of cardiotoxicity 

and repair at the cellular and molecular levels to identify patients at risk of cardiotoxicity, to 

decrease the risk of cardiotoxicity, and to detect and characterize cardiotoxicity better and at 

an earlier stage. There is also a need for solid evidence addressing optimal monitoring 

intervals and for close monitoring of CV safety after drug approval.

Cardio-oncology study designs need to evolve to include careful assessment of both cancer 

and CV measures, over the short and long term, and to build a full understanding of the 

clinical impact of changes in sensitive measures of cardiac function.50 As cancer treatments 

continue to change rapidly, an ongoing, collaborative dialogue between basic, translational, 

and clinical scientists, and oncologists and cardiologists is essential. Such collaborative 

efforts are paramount to most efficiently share resources and information toward improving 

care and minimizing risk of cardiotoxicity. Web-based platforms should be developed to 

increase awareness of cardiotoxicity among providers and patients and to improve data 

collection of CV events related to oncology clinical trials.

Finally, clinical trials should be as inclusive as possible, including patients with CV risk 

factors.51 Enrollment of higher-risk participants is feasible but requires buy-in from 

oncologists, global regulators, and industry partners and close participation of a cardio-

oncologist. Conduct of substudies that include higher-risk patients should be considered, 

including parallel versus serial trial design. The sponsor’s responsibility to maximize the 

likelihood of successful trial must be balanced with the need for results to be generalizable 

to a real-world population—helping to ensure both optimum safety and efficacy at the level 

of the individual patient.
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Figure 1. 
Imaging end point depends on the outcome of interest.

Seltzer et al. Page 16

Am Heart J. Author manuscript; available in PMC 2020 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Quantitative echocardiography provides detailed phenotypic data.
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